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DXTER~iINATIOi< OF FLIGHT PATHS OF AN SB3-1 AIRPLANE. 
I N  SIWULATED D I V I N G  ATTACKS 
. - 
By Haro ld  I .  Johnson 
An i n v e s t i g a t i o n  has been  made t o  d e t e r m i n z  t h s  
mo t ions  of and  t h e  f i i g h t  p s t h s  d e s c r i b e d  by a Navy d i v e -  
bon~bing  a i r p l a n e  i n  s i m u l ~ t a d  d i v i n g  a t t a c k s .  The d a t a  
n e c e s s a r y  t o  c v s l u s t e  t h o s e  i t e m s ,  w i t h  t h e  ' e x c e p t i o n  of 
t h a  a t m o s p h e r i c  v i n d  d a t q ,  m o r e  o b t a i n e d  f rqm a u t o m a t i c  
r e c o r d i n g  i ~ s t r u u , n t s  i n s t s l l e d  e n t i r e l y  w i t b i n  t h e  n i r -  
p l a i i e .  The a t m o s p h e r i c  ?viad d a t s  n c r s  o b t s i n ~ d  f rom t h e  
ground by t k c  b a l l o o n - t h e o d o l i t e  method. 
Tlie r e s u l t s  of t y p i c a l  d i v e s  a t  v a r i o u s A d i v e  a n g l e s  
I 
a r e  p r e s a n t c d  i n  t h t :  f o rm of t i m e  h i s t o r i e s .  of t h e  mot ion  
of t h s  a i r p l a n d  a s  w e l l  a s  f l i g h t  p a t h s  c a l c u l a t e d  w i t h  
r e s p ~ c t  t o  s t i l l  a i r  aild w i t h  r e s g o c t  t o  t h ?  ground.  0 
I N T R O D U C T  10% 
Rocords  have  baoii  ob.taii lod f o r  a  ilu~ilbcr of simulated 
d i v i n g  a t t a c k s  made w i t h  a  Douglas  SED-1 A i r ~ l a n e .  I n -  
s t r u r n ~ n t s  i Idccs sa ry  t o  q o c o r d  f l i g h t - p a t h  d a t a  w e r s  i n -  
stalled i n  t h d  a i r p l a n z . a L l d  t ~ s t s  mero made a t  Lang l sy  
F i e l d ,  Va. F l i g h t  t e s t s  c o ~ ~ s i s t i c g  of a t o t a l  of 18  d i v e s  
- were made OL-  Octobor  1 9 ,  1942 e a d  Octobcr  2 0 ,  1942. The 
t e s t s  were made by two p i l o t s  fro111 t i le D s h 1 " ~ r e n  Naval 
Provi i lg  Orouild e a c h  of whoid rnade n i n e  d i v e s  cove r i l l 6  d i v e  
a:igles ra r -g iug  f r o ~ x  a-pgro;:ililately 45O t o  75O. The two 
Navy p i l o t s  a r e  d e s i g n a t e d  p i l o t  A arid ~ i l o t  B t h r o u g h o u t  
t L e  -pa?er. Data  r e c o r d e d  d u c i n c  t h e  t e s t  d i v e s  have  beell 
e v a l u a t e d  by 3ACA p e r s o n r l e l ,  2 n d  d a t a  frob s i x  t y p i c a l  
d i v e s  a r e  p r e s e i i t e d  h e r e i n .  
. . 
I itSTRUiviENTAT1 OW AND TEST PROCEDURE 
D a t a  were  r e c o r d e d  i n  f l i g h t  by t h e  f o l l o w i n g  NACA 
i a s t r u m e n t s ,  which  were  s y n c h r o n i z e d  by a t i m e r :  
1. A i r s p e e d  r e c o r d e r  
2. Three-compoiient a c c e l e r o m e t e r  
3. R e c o r d i n g  a l t i m e t e r  ( i n c l u d i n g  s e n s i t i v e  d i f -  
f  e r e n t i a l  s t a t i c - p r e s s u r e  r e c o r d e r )  
4. R o l l i n g - v e l o c i t y  r e c o r d e r  . . 
5. Pendulum i n c l i a o m e t e r  i n  p i t c h  
6.  Gryo i n c l i n o m e t e r  i n  p i t c k  
'7, 3 5 - m i l l i m e t e r  Eyemo h o r i z o n  camera 
8.  1 6 - m i l l i m e t  e r  ~ i i i g - ~ o d a k  S p e c i ~  1 h o r i z o n  camera 
The a i r s p e e d  r e c o r d e r  was co i inec ted  t o  a n  NACA f r e e -  
s w i v e l i n g  s t a t i c  h e a d  mounted a t  t h e  end of a  boom extend-  
i n g  a  c h o r d  l e n g t h  a h e a d  of t h e  r i g h t  wing n e a r  i t s  t i p  
and t o  a n  NACA to t ' a l - l i ead  me te r  l o c a t e d  3 f e e t  beh ind  a n d  
4$ i n c h e s  below t h e  s t a t i c  head .  L i n e s  u s e d  t o  t r a n s m i t  
p r e s s u r e s  f rom t h e  h e a d s  t o  t h e  r e c o r d e r  were  b a l a n c e d  f o r  
l a g  i n  o r d e r  t h a t  no e r r o r  would b e  i n c u r r e d  i n  r e c o r d e d  
a i r s p e e d  b e c a u s e  of r a p i d  c h a n g e s  i n  a l t i t u d e .  No meas- 
u r e m e n t s  were  made of t h e  t i m e  l a g  i n  r e c o r d i n g  a i r s p e e d  
b e c a u s e - o f  changes  i n  s p e e d ,  b u t  t h e  t i m e  l a g  was c a l c u -  
l a t e d  t o  b e  on ly  a b o u t  0 . 1  second  by t h e  method p r e s e n t e d  
i n  r e f e r e n c e  1 and  was t h e r e f o r e  n e g l e c t e d .  
The r e o o r d i n g  a l t i m e t e r  was opened t o  c o c k p i t  p r e s -  
s u r e  i n  o r d e r  t o  r e d u c e  l a g  and t h e  r e c o r d s  of t h e  a l t i m -  
e t e r  were c o r r e c t e d  f o r  t h e  d i f f e r e n c e  be tween  c o c k p i t  
p r e s s u r e  a n d  a i r s p e e d  s t a t i c  p r e s s u r e  a s  measured by a  
s e n s i t i v e  p r e s s u r e  r e c o r d e r .  L i n e s  t r a n s m i t t i n g  p r e s s u r e s  
t o  t h e  p r e s s u r e  r e c o r d e r  were  a l s o  b a l a n c e d  and  t h e  s l i g h t  
l a g  e r r o r  c a l c u l a t e d  f o r  t h ~  r e c o r d i n g  a l t i t u d e  syskem 
was l i k a w i s e  n e g l e c t e d .  
T h o  pendulum i n c l i n o m e t e r  was u s e d  t o  d e t e r m i n e  r e f -  
r e n c e  a n g l e s  between t h e  t h r u s t  a x i s  and t h e  h o r i z o n t a l  
f o r  c o r r e l a t i o n  w i t h  g y r o - i n c l i n o m a t e r  and ho r i zon -camera  
d a t a .  For  t h i s  p u r p o s e ,  s h o r t  s i u u l t a n o o u s  r e c o r d s  wore 
t a k e n  on a l l  i n s t r u m e a t s  i n  s t r a i g h t  l d v e l  f l i g h t  immc- 
d i a t e l y  b c f o r s  t h c  d i v c s  w i r e  c n t a r o d  f o r  most o r  a l l  
d i v c s  made i n  cach  f l i g h t ,  
Tho 35-millj.r?lc?t z r  E y e m ~  camera and i t s  e l e c t r i c  
d r i v i n g  motor were  a n c l o s a d  i n  a dummy bomb a t t a c h e d  
t o  t L e  bomb r a c k  u n d e r  t h s  r i g h t  Wing. The l o - m i l l i m e t e r  
Cind-ICodak S p e c i a l  s p r i n g - d ~ i v a a  camera was mounted 
i n s i d e  t h e  f u s e l a ~ e  behi-nd t h e  r e a r  cock-pi t .  Both cam- 
' e r a s  were  l i i > e d  up w i t h  t h a  P a x i s  of t h ~  a i r p l a n e  and 
se t  t o  p h o t o g r a p h  t h a  h o r i z o n  t o  t h e  r i g h t  of t h e  a - i r -  
p l a n e  t h r o u g h o u t  t h a  d i v e s .  O r d i u a r y  p a n c h r o m a t i c  f i l m  
mas u s e d  i n  c o n j u n c t i o n  wi;th a  4X r e d  f i l t a r  f o r  penc-  
t r a t i n g  h a z z .  
I n  a d d i t  i o n  t o  t h a  r a c o r d i n g  i n s t r u m e n t s  l i s t e d ,  
a n  e l e c t r i c a l  r e s i s t a n c c - t y p e  thcrmornstzr  was i n s t a l l e d  
w i t h  i t s  i n d i c e t i n &  d i a l  on t h e  p i l o t ' s  i n s t r u m e n t  p a n e l .  
T s m p c r a t u r o s  r d s d  by t h a  p i l o t  a t  ~ a c h  1 0 0 0 - f o o t  l e v e l  
d u r i n g  t h s  i n i t i a l  c l i m b  f o r  e a c h  f l i g h t  n c r e  c o r r e c t e d  
f o r  c o m p r e s s i b i l i t y  i n  o r d e r  t o  o b t q i n  f r e e - a i r  t ~ m p e r a -  
t u r e  p a t t e r n s  u s a d  i n  c o r r s c t i n , ,  i n d i c r t ~ d  t o  t r u a  a i r -  
speed .  
A t ~ l ~ o s p h c r i c  wind d a t a  T a r s  co1 l ; c t cd  by t h s  b a l l o o n -  
t h o o d o l i t d  m;thod a t  t h e  Worfolk iiT8vsl A i r  S t a t i o n  f o r  
t i m e s  a s  n e a r  a s  p o s s i b l e  t o  t h o s e  a t  which d i v c s  n e r e  
mad&. Thaso  d ~ t p  wcra u s e d  t o  d c t a r m i n e  s p a c e  f l i g h t  
p a t h s  a f t e r  f l i g h t  p a t h s  r e l a t i v e  t o  s t i l l  a i r  were 
known. 
F l i g h t  t e s t s  c o i l s i s t e d  of n i n e  d i v e s  by p i l o t  A and  
n i n e  bg p i l o t  B.  Each p i l o t  made t h r e e  d i v e s  a t  45O, 
t h r e e  -at 60°,  and t h r e e  a t  '?ti0* + The di.ve a n g l e s  were 
es t imzi ted  by t h e  p i l o t s  by v i s q s l  mePns s f o n e .  F u l l  d iv -  
i n g  f l a p s  were u s e d  t h r o u g h o u t  t h e  i t i ve s  and  r o l l i n g  
f e l o c i t i e s  were h e l d  t o  a mi,nimua. 13ives;were e n t e r e d ,  
w i t h o u t  r o l l i n , ,  f r o m  R d i r e c t i o n  -so ohos'en t h a t  t h e  s u n  
was app rox i l i i a t e lg  over  t h a  l a f t  w ing  t i p .  T h i s  p r o c e d u r e  
f i x e d  t h e  d i r e c t i o i i  of t h d  d i v e  iil s p a c e  s o  th3.t  qtmos- 
p h e r i c  wind d a t a  c o u l d  be  c o r r e l s f e d  w i t h  a i r  f l i g h t  
p a t h s  t o  o b t s l u  s 2 s c e  f l i g h t  p a t l i s .  and i n s u r e d  optimum 
l i g h t  c o n d i t i o n s  f o r  t h e  h o r i p o r ,  egmeras .  
RESULT S 
A summary .of a i r p l a n e  c o n d i t i o n s  ~ n d  r e s u l t s  o b t a i n e d  
f o r  a l l  1 8  d i v e s  a r e  p r e s e n t e d '  i n  t = t b l e  I .  I n  f i g u r e  1 
a r e  . s h o ~ n  atrilospher i c  wind c o n d i t i o n s  measured o v e r  Nor- 
f o l k ,  Vs . ,  a t  t i m e s  n e a r e s t  t h o s e  a t  whicb f l i g h t s  were  
made. F i g u r e  2 shows t h e  d a t a  o f  f i g u r e  1 a l t e r e d  t o  
g i v e  t h e  comgonant of wind v e l o c i t y  a c t i n g  a l o n g  t h e  s z i -  
muth d i r e c t i o n  of t h e  f l i g h t  p s t h s  based  on t h e  assump- 
t i o n  t h s t  a l l  d i v e s  were  made a l o n g  t h e  r e f e r e n c e  d i r e c -  
t i o n  f i x e d  by h s v i n g  t h e  sun  d i r e c t l y  over  t h e  l e f t :  w ing  
t i p .  I n  t h e  c a l c u l a t i o n  of s p a c e  f L i g h t  p a t h s ,  t h e  fur- 
t h e r  a s s u m p t i o n  w 9 s  msde t h a t ' m i n d  c o n d i t i o n s  d u r i n g  any  
d i v e  mere i d e n t i c s l  w i t h  t h o s e  measured n e 8 r o s t  t h e  t i m e  
of t h e  d i v e ,  F i g u r e  3 shows t h e  f r e e - a i r  t e m p e r a t u r e  
r e a d i n g s  p l o t t e d  a g a i n s t  t h o  a l t i t u d o  r a a d i i i g s ,  which 
were mads i n  t h e  t e s t  f l i g h t s  a n d  s u b s e q u s n t l y  u s e d  i n  
c o r r e c t i n g  i n d i c a t e d  t o  t r u e  a i r s p e e d .  
Complete d c . i t ~  f o r  t h ~  s i x  t g p i c q l  d i v e s  a r e  p r e s e n t -  
ed a s  t i m e  h i s t o r i e s  i n  f i b u r e d  4 t h r o u g h  9.  The i n d i -  
c a t e d  a i r s p e e d s  g i v e n  i n  t h i s e  f i g u r e s  were c a l c u l a t e d  
f rom t h s  r s l 9 t i o n  
mhere qc i s  t l i a  measurad impact  p r e s s u r e  i n  i n c h a s  of 
w a t e r .  The c o m p r e s s i b i l i t y  c o r r e c t i o n  ~ ~ ' s ' a - p p l i e d  i n
c a l c u l a t i o n s  made t o  o b t a i n  t h e  c u r v e s  l a b e l e d  I1Trwen 
i n  t h e  p l o t s  of a i r s p c e d  a g a i n s t  t i m e .  Valu6s  of t r u e  
and i n d i c a t e d  a i r s p e e d  g i v e n  may be i n  e r r o r  by abou t  1 
p e r c e n t  a t  low s n g l e s  of a t t a c k  o r  abou t  2 p e r c e n t  a t  
h i &  a n g l c s  of a t t s c k  s i n c e  no c a l i b r a t i o i z  was n-i=l.de of 
thts a i r s p c a d  s y s t s m  f o p  e r r o r  d u e  t o  p i t o t - s t s t i c - h e r d  
p o s i t i o n s .  The e r r o r  i n  r e c o r d e d  a l t i t u d e  due t o  s t a t i c -  
head' p o s i t ' i o n  i s  n e g l i g i b l e .  A c c e l a r a t  i o n s  shown were 
e s t i m a t a d , t o  be a c c u r a t e  t o  w i t h i n  t h e  f o l l o w i n g  l i m i t s :  
normal ,  f 0 . 0 5 g ;  l o n g i t u d i n a l ,  f 0 . 0 4 g ;  a n d  t r a n s v e r s e ,  
f0 .03g .  The a t t i t u d e  a n g l e s  shown a r e  t h o s e  measured 
batween t h e  a i r p l a n e  t h r u s t  a x i s  and t j ~ e  h o r i z o n t a l  by 
e i t h e r  t h e  g y r o  i n c l i n o m e t e r  o r  t h ~  h o r i z o n  camera.  
A b s o l u t e  a n g l e s  of a t t a c k  and  f l i g h t - p a t h  a n g l e s  r e l a -  
t i v e  t o  t h s  a i r  were c a l c u l a t a d  by t h e  motliod o x p l a i n e d  
i n  t h e  f o l l o w i n g  d i s c u s s i o n .  
F i g u r e  10 shows i n s t a n t a n e o u s  c o n d i t i o n s  e x i s t i n g  

























































































































































































































































S wing a r e a ,  s q u a r e  f e e t  
9 dynamic p r e s s u r e ,  pounds p e r  s q u a r e  f o o t  - 
t e a s n r e d  I D  I f  95 p e r c e n t  of t h e  v a l u e  of -- d a  
n i a d - t u n n e l  t e s t s  of  a n  SBD-1 model i s  used  f o r  t h e  v a l u e  
of --- a' f o r  t h e  SBD-1. a i r p l a n e  i n  o r d e ~  to .  account  f o r  . 
da 
t h e  e f f e c t  of p e r f o r a t e d  f l a p s ,  and i f  q  i s  measured 
i n  i n c h e s  of w a t e r ,  e q u a t i o n  ( 1 ) '  becomes I 
The a n g l e  of a t t a c k  f o r  ze ro  l i f t  r e l a t i v e  t o  t h e .  
wing chord  l i n e  was t a k e n  a s  -20 on t h e  b a s i s  of unpub- 
l i s h e d  wind-tunnel  measurements. ' s i n c e  t h e  . a n g l e  of ' 
i n c i d e n c e  of t h e  n i n g  r e l a t i v e  t o  t h e  t h r u s t  a x i s  mas . 
2.5O, t h e  e x p r e s s i o n  f o r  a n g l e  of a i r  f l i g h t  p a t h  w i t h  
t h e  h o r i z o n t a l  i s  
YA = 0 f 2?0 3. 2.5 - aR 
Values of a, and rl o i l & < ~ a t e d  b y  'die of ',equa- ' 
t i o n s  ( l a )  and ( 2 )  a r e  shown i n  t h e ' t i m e  f i i s to : r i e s .  i n  
2 .  .., . . . -3 . . f i g u r e s  4 th rough  9'. 
With t h e  t r u e  v e l o c i t y  and d i r e c t i o n . o f  t h e  a i r p l a n e  
r e l a t i v e  t o  a i r  known, ' the a i r  f l i g h t  p s t h s  (assuming 
no wind-ve loc i ty  g r a d i e n t )  were de termined by step-by- 
s t e p  i n t e g r a t i o n  of t h e  h o r i z o n t a l  and v e r t i c a l  d i s p l a c e -  
a e n t  s  s up .to any  t i m e  t ;  t h a t  i s  @ 
t t - 6  - 
SAT - zo  Vav ~t = zo  vB s i n  YA ~t ( 4 )  
1 .  . 
Since  t h e  wind v e l o c i t y  n a s  ~ s s u m e d  t o  be h o r i z o n t a l ,  
e q u a t i o n  ( 4 )  i s  a l s o  t h e  e x p r e s s i o n  f o r  t h e  v e r t i c a l  d i s -  
t a n c e  t r a v e l e d  i n  space. '  The h o r i z o n t s l  d i s t a n c e  trav-.  
e l e d  i n  spnce i s  si:nply 
t 
SSH = Z o  V A - C 0 8  YA A t  + y t  0 ~ , . b t  c 5) 
. - . . 
Uote t h s t  t h e  f i r s t  t e rm on t h e  r i g h t - h a n d  s i d e  of 
e q u a t i o n  ( 5 )  i s  i d e n t i c a l  ~ i t h  t h e  r i g h t - h a n d  s i d e  of 
e q u a t i o n  ( 3 ) .  The second t e r m  on t h e  r i g h t - h a n d  s i d e  
of e q u a t i o n  ( 5 )  g i v s s  s i m p l y  t h e  h o r i z o n t ~ l  d i s t s n c e  
t r ~ v e l e d  by. t h e  n i rp2ane .  (7:1ith r e s p e c t  t o  t h e  ground)  
due  t o  t h e  mot ion  of t h e  a i r  t h r o u g h  v C i c h  t h e  a i r p l a n e  
i s  moving. 
F l i g l i t  p -? ths  r e l e t i v e  t o  a i r  a n d  s p a c e  a r e  p r e s e n t e d  
f o r  t h e  s i x  t y p i c 3 1  d i v e s  i n  f i g u r e a  11 t h r o u g h  1 6 .  Time 
increments d u r i n g  n h i c h  v ~ l o c i t y  a n d  a.ngle a e r e  assumed 
c o n s t ~ n t  had  a v a l u e  of 1 second.  The f i r s t  p o i n t  shoxn 
on e a c b  p a t h  c o r r e s p o n d s  t o  z e r o  t i m e ,  t h e  second  t o  1 / 2  
s e c o i ~ d ,  t h e  t h i r d  t o  l2 s e c o n d s ,  t h e  f o u r t h  t o  2% s e c o n d s ,  
and  s o  f o r t h .  Date u s e d  i n  f l i g h t - p a t h  o a l c u l a t  i o n s  were  
t a k e n  f rom o r i g i n o l  ins t ru i i i en t  r e c o r d s  r a t h e r  t h s n  f r o m  
til::e h i s t o r i e s  i n  o r d e r  t o  p r e s e r v e  a c c u r a c y .  
R e l a t i v e  a t t i t u d e  a n g l e s  o r  c i r  f l i g h t - p a t h  a n g l e s  
betmeen any  t ~ o  t i m e s  d u r i n g  a  p a r t i c u l a r  d i v e  a r e  e s t i -  
n a t e d  t o  be a c c u r a t e  t o  w i t h i n  & L o .  A b s o l u t e  v a l u e s  of 
t h e s e  a n g l e s  f o r  any d i v e  a r e  e s t i m a t e d  t o  be a c c u r a t e  
t o  w i t h i n  f 2 0 .  The l e n g t h  of any a i r  f l i g h t  p a t 9  i s  e s t i -  
mated t o  be  a c c u r a t e  t o  w i t h i n  f 2  y e r c s n t .  Conpa rab le  
v a l u e s  f o r  s p a c e  f l i g h t - p a t h  a c c u r a c y  cailnot be d e f i n i t e l y  
s t a t e d  s i n c e  e r a c t  mind c o n d i t i o n s  e x i : t i n g  d u r i n g  e a c h  
d i v e  were  no t  k n o ~ ~ n .  
The d i s c r e p a n c i e s  which were  f o u n ~  be t i reen  l o s s  iil 
measured  - p r e s s u r e  a l t i t u d e  and  l o s s  iil c a l c u l a t e d  geomet- 
r i c  a l t i t u d e  a r e  a t t r i b u t e d  f o r  t k e  most > a r t  t o  d i f f i -  
cu- l ty  i a  o b t a i n i n g  e x a c t l y  c o r r e c t  i r , i i ; i a l  a t t i t u d e  an- 
g l e s  by meails y f  ~ e n d u l u r a  i i ic l i i lo ; - ie ter  r e a d i z g s c  I t  i s  
n o t e n o r t k y  t h a t  i i l  f l i g h t s  1 a n d  2 ,  mhere t?-2 c o r r e l a t i o n  
of i n i t i a l  a i ~ ~ l e s  w s b e s t ,  t h e  s v e r a g e  d i f f e r e c c e  betmean 
a l t i t u d e  l o s s e s  f o r  n i n e  d i v e s  1.67 p e r c e n t  of t h e  
l o s s  i n  measured p r e s s u r e  a l t i t u d z  a s  compsred w i t h  2 .92 
p e r c e n t  f o r  t h e  n i : ~ e  d i v e s  n a d e  i n  f l i p ; h t  5 The s l i g h t  
e r r o r  i n  a i r s p e e d  x e a s u r e n e n t s ,  a s  w e l l  a s  t h e  dev ia -  
t i o i l  i n  ambient  p r e s s u r e  a g a i n s t  a l t i t u d e  r e l a t i o n s h i p s  
f rom s t a u d a r d  c o n d i t i o n s ,  a l s o  c o n t r i b u t e d  t o  t h e s e  d i s -  
c r e p a n c i e s .  
Langley Iviemorial A e r o n a u t i c a l  L a b o r a t o r y ,  
F a t i o n a l  Adv i so ry  Committee f o r  A e r o n a u t i c s ,  
Langleg  F i e l d ,  Va. 
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(a) Tind measureme~~ts before  f l i g h t  1 and a f t e r  
f l i g h t  2. 
Figure 1 (a ,b)  .- Atmospheric wind condi t ions  for SBD-1 dive  t e s t s  as 
measured at Norfolk, V a .  l i n 3  d i r e c t i o n  i n  degrees 
azinruth ind ica ted  along curves. 
Fig. 1% 
2 4 6 8 
Altitude, ft 
(b)  Wincl measuremeat s taken after flight 3. 
Figure 1. - (Concluded) 
Fig. 2 
Al t i tude ,  f t  
.Figure 2.-  Variat ion of wind veloci ty  along azimuth l i r e c t i on  of the 
f l i g h t  path  with a l t i t u l e  f o r  SBD-1 dive t e s t s .  
ITACA Fig. 3 
Altitude, ft 
Figure 3.- Variation of free-air temperature with altitude 3uring 
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FIBURE - V ~ U L  HBSTOIPY O P  ~ S T ~ U A V E B  60° O ~ V E  MADE wl tn  SBD-l AIRPLANE. 
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Pipre 10.- Sketch showing 
inst ant aneous 
airplane condition8 and 
eyrnbola ueed for finding 
flight paths in the SBD-1 





Horizontal %.stance, ft 
Figure 13.- Flight paths for estimated 7 5 O  dive of 53D-1 airplane by 
~ilot A in flight 2, run 4. 
Pig. 14 
Figure 14.- 2 l igh t  paths f a r  estimabad 75' d i v s  o f  SBD-1 airplane 
by p i l o t  B in f l i g h t  3, run 1. 
'NACA Figs, 15,16 
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Figure 15.- 7light paths for estimated 600 divc of SBD-1 
airplano by pilot B in flight 3, rxn 5. 
Horizontal distanca, f t  
9isrc 16.- Pligl-it paths for estimated 45O dive of SBD-1 
airplan2 by pilot B in flight 3, run 9. 
